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Supplementary Figure S1. Down core profiles for physicochemical parameters and pore water oxygen
isotopes. From left to right: Borehole temperatures obtained on site via borehole logging, showing an overall
increase in temperatures from 28° to 33° C in the 100 m of Unit 1 at hole TDP-1B; alkalinity [meq x L], and
pH measured on pore water at hole TDP-1A; DIC calculated by solving the carbonate system based on the
previous two profiles; oxygen isotopes versus VSMOW [%o] in the pore water display little variations despite
a temperature increase of 4°C.
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Supplementary Figure S2. Treatment of bulk sediments and siderite for carbonate dissolution. Bulk
sediment samples were treated with 20 mL of 5 % HCI at 50° C for 24 hours to remove carbonates. This
treatment was tested with 200 mg of technical grade siderite to evaluate its dissolution over time. Results
show that 85 to 95 % of the siderite weight is dissolved after 2 hours. After 24 hours, >95% of siderite is
dissolved, ensuring accurate measurement of both total organic carbon content and 613Corg composition on
bulk sediment.
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Supplementary Figure S3. XRD spectra for siderite and vivianite extracts. XRD spectra of pure siderite
(top) and vivianite (bottom) extracts from 86.2 and 46.8 m depth (modified from Vuillemin et al., 2019a,
2020), respectively, with reference peaks of synthetic siderite (orange bars) and vivianite (blue bars).
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Supplementary Figure S4. Age-depth models from Lake Towuti Unit 1. This figure (from Ulfers et al.,
2021) displays the age-depth models for the lacustrine sequence (i.e. Unit 1). The upper part was constrained
by 20 AMS '*C ages measured on terrestrial macroremains (Russell et al., 2014). All models are tied to the
dated tephra T18 (pink dot) from Russell et al. (2020) at 72.95 mblf.
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Supplementary Figure SS. Temperature, oxygen concentrations and isotopes in the water column.
(Left) Down cast of temperature [°C] and oxygen concentration [UM] measured in the water column (from

Vuillemin et al., 2016). (Right) 8'80 values [%o] relative to VSMOW for water column samples, which remain
fairly constant throughout the water column despite a temperature decrease of 2.5°C (see Fig. 4B).
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Supplementary Figure S6. SEM back-scatter images of magnetite extracts illustrating their multiple
sources. The upper left picture (sediment sample: 0.7 m depth) shows a magnetite framboid which could be a
primary precipitate from the water column. The origin of magnetite crystals e.g. detrital, volcanic, microbially
precipitated are often found as a mixture making hard to discriminate microbially-mediated phases.
Nevertheless, features of reductive dissolution and (re)precipitation are commonly observed (modified from
Vuillemin et al., 2019a).
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Supplementary Figure S7. Transmission and scanning electron microscopy imaging of siderites with
elemental mapping of nuclei and rims. (Left) Scanning TEM images of siderite crystals from 6.2 and 82.6
m sediment depth, showing that crystal development through twinning and coalescence into mosaic
aggregates. (Right) SEM back-scatter electron images with EDS elemental mapping of thin sections prepared
with siderite separates from 6.2 and 82.6 m sediment depth. Stacked intensity images for Fe + Mn indicate
that Fe substitution by Mn occurs preferentially in the center of siderite crystals and thereby evidence the
presence of nuclei within crystal aggregates (modified from Vuillemin et al., 2019a).
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Supplementary Figure S8. Scatter plots of siderite isotope compositions. (Top) Carbon isotope
composition (8"C in%o relative to V-PDB) of TOC versus siderite (left); carbon isotope composition (6"C
in%o relative to V-PDB) versus iron isotope composition (8°°Fe in%o relative to IRMM-014) measured on
siderites. (Middle) Oxygen isotope composition [%o] relative to V-PDB versus carbon (left) isotope
composition [%o] relative to V-PDB, and (right) Fe isotope composition [%o] relative to IRMM-014 measured
on siderites. (Bottom) Same scatter plots with 880 values [%o] relative to VSMOW.
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Supplementary Figure S9. Syn-depositional and post-depositional processes setting the 5'*0, & °Fe and
8"C signatures in siderites. (A) Lacustrine conditions, from left to right: 'O composition related to lake
level highstand (left) and lowstand (right); sources of detrital and authigenic ferric phases under stratified
(left), mixing (center) and oxic conditions in the water column; processes of organic matter production and
remineralization in the water column under stratified (left) and mixing (right) conditions. (B) Evolution of
sediment composition during shallow (primary signal) to deep (secondary signal) burial, from left to right:
Isotopic equilibration from bottom waters initially reflecting hydrological conditions to pore water
composition; dissolution of Fe precipitates reflecting the lake redox conditions and partitioning of dissolved
Fe’" into diagenetic phases such as vivianite and siderite; remineralization of organic sources through
anaerobic processes to methanogenesis wleading to biogenic production of DIC but little degradation of
terrestrial organic sources. (C) General trends in isotope signals expected from the incorporation of pore water
H,0, dissolved Fe*" and biogenic HCO;™ in siderite in surface (upper case) and deep sediment (lower case),
from left to right: Overgrowth on initial siderite nuclei; reductive dissolution of Fe phases; and rates of OM
remineralization. Continuous mineral precipitation from saturated pore water leads to a mass balance effect
over time.
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Supplementary Table S1. Oxygen isotope fractionation factors between different phases and siderite.

Reference Phases Temperature | Fractionation factor (o)
Rosenbaum & Sheppard, 1986 CO, - siderite 25°C | 1.01163
50°C | not measured
Equation used: 70°C | 1.009706
10°In o= 6.84 x 10°(1/T%) + 3.85 100°C | 1.00881
150°C | 1.00771
Carothers et al., 1991 CO; - siderite natural 25°C | 1.01165
(phosphoric acid) synthetic 25°C | 1.01175

natural 50°C | 1.01079
synthetic 50°C | 1.01075

Pore water to siderite H,O - siderite 33°C | 1.03033
Factor used: 1.03033 56°C | 1.02640
T° range in Towuti: 28 to 33°C 103°C | 1.01893

150°C | 1.01322
197°C | 1.01067

H,O - calcite 102°C | 1.01750
102°C | 1.01740

Swart et al., 1991 CO, - calcite LMC acid bath
(phosphoric acid) 89.9°C | 1.00798

81.0°C | 1.00816
70.6°C | 1.00837
59.7°C | 1.00875
50.9°C | 1.00898
25.0°C | 1.00989
sealed vessel
90.0°C | 1.00821
75.0°C | 1.00853
50.0°C | 1.00924
35.0°C | 1.00982
25.0°C | 1.01025

PSU acid bath
89.9°C | 1.00799
81.0°C | 1.00823
70.6°C | 1.00831
59.7°C | 1.00871
50.9°C | 1.00904
25.0°C | 1.00989
sealed vessel
89.9°C | 1.00827
81.0°C | 1.00854
70.6°C | 1.00929
59.7°C | 1.00961
50.9°C | 1.01000
25.0°C | 1.01025

Mortimer & Coleman, 1997 H,O - siderite Fe pure 30°C | 1.0203
Fe pure 30°C | 1.0224
Fe pure 30°C | 1.0257
Fe pure 30°C | 1.0245
Fe pure 30°C | 1.0251
Fe pure 30°C | 1.0275
Fe pure 30°C | 1.0297
Fe pure 30°C | 1.0261
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Fe pure 35°C
Fe pure 25°C
Fe pure 35°C
Fe pure 40°C

Mg/Ca 25°C
Mg/Ca 30°C
Mg/Ca 35°C
Mg/Ca 35°C

Mn 25°C
Mn 30°C
Mn 35°C
Mn 35°C
Mn 18°C
Mn 25°C
Mn 30°C
Mn 35°C
Mn 35°C
Mn 40°C

1.0258
1.0266
1.0232
1.0239

1.0278
1.0264
1.0263
1.0241

1.0220
1.0238
1.0232
1.0237
1.0220
1.0236
1.0235
1.0234
1.0226
1.0221

Fernandez et al., 2016

CO; - siderite

sealed vessel
70°C

open vessel
100°C

1.01014 + 0.0002

1.00983 + 0.0002
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Supplementary Table S2. Results of iron isotope analyses on siderite samples and reference materials
for data quality control. Measurement accuracy and precision was assessed by repeated analyses of pure Fe
standard solution (HanFe) in each analytical session. This standard gave %Fe of 0.31 + 0.02 (2 s, n=10),
identical to results obtained in an inter-laboratory comparison. The procedure was also tested by processing
the reference materials COQ-1 and BHVO-2 repeatedly through the same chromatographic separation
protocol as the samples, with and without HCI or acetic acid treatment. This method yielded *°Fe values for
COQ-1 of -0.04 + 0.04 (2 6, n=4), -0.02 £ 0.04 (2 0, n=4), -0.05 + 0.04 (2 6, n=2), and for BHVO-2 -0.12 +
0.01 (2 6, n=2), which are in agreement with published results. In addition, a pure siderite mineral powder
was used to test the acetic acid leaching method. The *°Fe results of siderite leached with 10 % acetic acid (-
0.37%o) are identical to the reference value obtained by complete dissolution of the same siderite powder in
6M HCI (-0.35%o).

sample | dissolution procedure 5*°Fe | depth (mblf) | sample |dissolution procedure 5Fe | depth (mblf)
siderite 17H1 10 % acetic acid, 24h -0.59 41.1
1H1 10 % acetic acid, 24h -0.23 0.2 18H1 10 % acetic acid, 24h -0.56 43.0
3H3 10 % acetic acid, 24h -0.36 6.2 22H3 10 % acetic acid, 24h -0.62 49.4
5H3 10 % acetic acid, 24h -0.50 12.4 24H2 10 % acetic acid, 24h -0.73 52.8
15A3 10 % acetic acid, 24h -0.40 36.7 25H1 10 % acetic acid, 24h -0.61 54.2
29H3 10 % acetic acid, 24h -0.43 36.7 28H3 10 % acetic acid, 24h -0.49 60.3
34H3 10 % acetic acid, 24h -0.29 76.7 30H3 10 % acetic acid, 24h -0.60 65.7
36H3 10 % acetic acid, 24h -0.25 82.6 31H1 10 % acetic acid, 24h -0.57 67.1
36H3 10 % acetic acid, 24h replicate" | -0.22 82.6 33H2 10 % acetic acid, 24h replicate” | -0.42 71.4
37H3 10 % acetic acid, 24h -0.28 85.6 35H3 10 % acetic acid, 24h -0.27 78.8
38H3 10 % acetic acid, 24h -0.31 88.6 36H1 10 % acetic acid, 24h -0.23 80.8
39H3 10 % acetic acid, 24h -0.34 91.6
41H3 10 % acetic acid, 24h -0.34 96.4
48H3 10 % acetic acid, 24h -0.28 113.6 vivianite
4H2 10 % acetic acid, 24h -0.50 7.1 9H3 2M nitric acid, 24h -0.44 23.4
4H4 10 % acetic acid, 24h -0.61 8.8 9H3 2M nitric acid, 24h -0.52 234
7TH6 10 % acetic acid, 24h -0.31 18.0 15A3 2M nitric acid, 24h -0.61 36.7
9H2A 10 % acetic acid, 24h -0.52 212 21A1 2M nitric acid, 24h -0.46 46.8
9H3 10 % acetic acid, 24h -0.47 21.8 21A1 2M nitric acid, 24h -0.39 46.8
reference 5*Fe | 2 5 deviation || literature 5% Fe
HanFe ure Fe solution - not processed 0.31 | £0.02 (n=10) HanFe pure Fe solution - not processed | 0.29 | Moeller et al. (2014)
BHVO-2 | 10% acet. acid/24h, then HF/HNO;| -0.12 | +0.01 (n=2) COQ-1 total digestion -0.12 | Craddock and Dauphas (2011)
COQ-1 10% acet. acid/24h, then HF/HNO;| -0.05 | + 0.04 (n=2) COQ-1 total digestion 0.00 | Dideriksen et al. (2006)
COQ-1 6M HCl/24h, then HF/HNO; -0.02 | +0.04 (n=4) COQ-1 total digestion 0.07 | Dideriksen et al. (2006)
COQ-1 HCIHF/HNO; total digestion -0.04 | +£0.04 (n=4) COQ-1 total digestion -0.07 | He et al. (2015)

BHVO-2 | total digestion 0.11 | Craddock and Dauphas(2011)

The uncertainty in the Fe isotope data is 0.05 %o (2 c, 3" Fe).
“Full procedure replicate incl. sample dissolution of a different crystal (vivianite), Fe column chemistry
purification and measurement by MC-ICP-MS.
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Supplementary Table S3. Results of EDS analyses on magnetic extracts and corresponding SEM
images. Potential authigenic magnetites are signified by values in red font.

Depth (mbif] | Sample | O [atomic %] Fe (atomic %)] Mn fatomic %)] Ni [atomic %] | CreTi fatomic %)| V.Cu.2n,Mo (atomic %) | Trace metal Mn [%] 826 Crystaldpt! 7606 215 031 039 009 000 3993
0.16 Costal1plt 7082 2873 031 014 000 000 6888 826 Cryswl3pt2 7958 2000 017 0.19 005 000 a7
0.16 Crystal 1pL2 7537 2362 079 015 006 0.00 78.90 826 Crystal 3pt.3 7462 2465 040 024 009 0.00 5472
0.16 Crystal 1pt3 7461 2517 0.00 017 0.05 0.00 0.00 826 Crystal 3 ptd 95.15 458 0.00 0.10 017 0.00 0.00
016 Crystal tpld 6356 3543 038 063 000 000 3760 826 Crystal3pts 7697 22 027 039 oM 000 359
0.16 Costal3ptt 6843 3098 054 000 005 000 2.2 826 Cryswal3pté 7618 an 000 000 005 000 000
018 Coystal3pl2 6273 3601 079 039 008 000 6297 826 Crystal3pt7 7426 19.10 025 0.10 609 021 3n
0.16 Costal3pt3 7492 %3 070 000 005 000 9103 826 Crysaldptt 7702 21 000 000 0.19 002 000
0.16 Costal3pld 7316 2598 074 008 004 000 8647 826 Cysalépt2 729 %43 044 0.10 007 000 719
0.16 Crystal 3pt5 81.13 18.18 039 023 0.07 0.00 5649 826 Crystal 4 pt3 729% %690 0.00 0.00 014 0.00 0.00
0.16 Costal3pl6 8052 1870 0.15 02 033 006 1893 826 Crystaldptd 7203 2788 000 000 008 000 000
0.6 Costal3pt7 7420 2537 022 014 007 000 5076 826 Crystaldpts 7761 1221 020 000 98 009 194
0.16 Costal3pi8 7988 1898 0.14 000 100 000 1206 826 Crystaldpté 6290 %77 000 000 0.19 014 000
0.16 Costal3pl9 7474 29 043 159 030 000 1848 826 Crystaldpt7 7521 %39 020 009 005 000 5721
0.16 Costaldptt 6390 3538 027 033 of 000 3831 826 Crysaldpts 7354 %634 000 003 009 000 000
0.16 Cystal4pl2 7023 2885 024 040 015 0.14 2549 826 Crystaldptd 7214 2764 000 000 021 000 0%
838 Crystai 4 pl3 792 21 051 041 005 000 5273 826 Crystal 5 pt.1 7351 %21 000 000 015 000 000
016 Coystal4pla 8265 1673 033 020 008 000 523 826 Cysalspt2 7239 273 015 000 0.12 004 4878
016 Crystal4pls 8084 1859 026 031 000 000 4549 826 Crystal5pt3 7610 2381 000 000 009 000 000
0.16 Crystal4ple 6556 3408 000 000 024 0.2 000 826 Crystal5ptd 6116 384 000 000 025 o 000
0.16 CostalSpt1 7407 2% 057 140 003 000 2857 826 Crystal5pts 7670 1565 0.15 000 745 005 200
016 CostalSpl2 7108 %31 025 025 403 009 535 826 CrystalSpt6 6898 020 015 022 04 000 1885
0.16 Crystal5pl3 7984 1951 043 016 005 000 66.46 826 CrysalSpt7 7473 %5 024 021 02 006 270
016 CostalSpla 7514 %2 020 029 [X1] 000 294 826 Crystalépt! 6610 3365 000 0.14 0.10 000 000
0.16 CoystalSpls 7555 212 021 21 000 000 922 826 Crysalbpt2 7141 %21 022 028 on 000 3586
0.16 CrystalSpl6 6551 3449 000 000 000 000 000 826 Crystalépt3 9040 911 000 0.16 033 000 000
0.16 CostalSpl7 7264 220 0.16 000 000 000 100.00 826 Crystal6ptd 6299 %61 000 031 009 000 000
0.16 Costalbpt! 6436 3532 032 000 000 000 100.00 9157 Cosalipt! 7447 2503 049 023 008 000 6168
0.16 Crystal 6 pl2 7195 2130 037 032 007 0.00 4889 9157 Crystal 1 pt2 7230 2451 0.00 0.19 295 0.06 0.00
0.16 Crystal 6 pl.3 68.96 30.19 059 020 0.06 0.00 69.78 9157 Crystal 1 pt3 7548 2368 057 0.15 0.12 0.00 67.63
0.16 Crystal 6 pl4 738 20 021 0.10 004 0.00 60.50 9157 Crystal 1 ptd 7395 2536 0.16 020 032 0.00 2354
0.16 Crystal 6 pl5 8298 16.72 025 0.00 0.06 0.00 81.96 9157 Crystal 1 pt5 6569 315 054 041 013 007 4687
0.16 Costal7ptt 6917 3043 023 000 017 000 5788 9157 Cosalipté 7444 %8 051 042 0.10 000 4960
0.16 Coystal7pl2 6167 3780 039 000 014 000 7354 9157 Cosaldptt 7480 29 000 000 022 000 000
0.16 Coystal7pl3 8006 1920 040 030 004 000 5438 9157 Cosal3pt2 7551 15 000 000 028 006 000
625 Crystal 2pL.1 7150 79 056 000 000 0.00 100.00 9157 Crystal 3pt.3 7431 a2 0.00 0.00 149 000 000
625 Crystal 2pl2 7201 2699 021 041 039 000 2060 91.57 Crystal 8 pt.1 6459 uar 069 0.16 00 000 7378
625 Costal2pt3 7528 %21 020 031 000 000 3932 9157 Cosalp2 8023 1952 0.14 0.12 00 000 5447
625 Costal2ptd 7213 207 052 015 013 000 6531 9157 Coysalsptd 7605 231 048 000 007 009 7540
625 Crystal 2pL5 67.94 3054 057 079 0.16 0.00 3752 9157 Crystal 8 pt4 BN 472 0.00 0.09 137 0.1 0.00
625 Crystal 2pL6 7092 2743 051 081 026 007 3070 1358 Crystal 1 pt.1 7554 222 028 0.00 185 0.1 1272
625 Costal2pl7 7545 279 051 021 004 000 6657 1358  Coysaltpt2 7343 %05 025 000 0z 000 759
1235 Crystal 2pL1 7584 2353 063 0.00 0.00 0.00 100.00 11358 Crystal 1 pt3 7372 2553 025 0.00 03 0.15 3303
1235 Cysal2p2 8676 1252 039 033 000 000 5385 1358  Cosalfptd 7568 240 061 000 03 000 6563
1235 Cysal2p3 8217 1751 032 000 000 000 100.00 1358 Cysalipts 7304 1555 042 000 1085 013 an
1235 Crystal 2pt4 6623 B2 055 000 000 0.00 100.00 1358 Crystal 1 pt6 7389 1457 069 0.00 1055 030 599
1235 Crystal 2pt5 7874 2064 046 0.16 0.00 0.00 7466 1358 Crystal1 pt7 7035 2006 0.90 0.00 840 029 939
1235 Cysal2p6 7628 2300 036 037 000 000 4913 M358 Cysaldptt 749 %80 000 000 024 000 000
1235 Cysal2pl7 7674 25 054 019 000 000 7353 1358 Cosal3pt2 7456 2104 000 000 422 0.18 000
1235 Cysaizpi8 8091 1868 029 000 000 0.2 6982 1358 Cysal3ptd 739 1525 026 000 1035 0.18 243
1235 Cystal7pl1 7049 2885 052 014 000 000 7838 1358 Crysaldptd 7615 1578 046 0.0 741 009 569
1235  Cysal7pz 7074 %2 060 040 004 000 5743 1358 Crysaldpts 7225 %7 000 027 177 000 000
1235 Cysal7pl3 7288 2554 049 099 0.10 000 3114 1358 Cyswldptt 7497 270 000 022 205 006 000
1235 Cystal7p4 7018 2869 049 060 005 000 4304 1358 Coysaldpt2 7347 %58 000 024 1% 005 000
1235 Cysal7pls 7225 %7 051 047 000 000 5193 1358  Cosal4pt3 6915 2837 000 025 215 008 000
12.35 Crystal 7 pl6 6443 3376 075 092 0.14 0.00 417 11358 Crystal4 ptd 76.14 297 0.00 022 182 0.06 0.00
%74 Costaliplt 7286 2406 031 000 267 X1l 1000 1358 Crsalapts 7367 269 000 o1 3@ o1t 000
%74 Costlipl2 845t 15.04 022 016 007 000 79 11358  Cosal4pté 6139 055 074 000 658 044 922
826 Costal1plt 8278 808 0.14 000 8% 005 151 1358 Cysaldpt7 7046 230 051 000 467 006 968
826 Crystal 1pt2 6993 2935 0.12 0.00 060 0.00 1731 1358 Crystal 4 pt8 8199 1579 017 0.05 1% 0.04 765
826 Coystal1pt3 7750 2095 0.18 045 0% 000 147 1358 Crysaldpt 7145 1970 000 0.16 853 015 000
826 Costal1pl4 8343 1310 0.18 000 324 005 509 1358 CyswlSptt 7445 221 000 026 209 000 000
826 Crystal1pls 6742 3195 000 o 052 000 000 1358 CoysalSpt2 7702 27 000 000 0.16 000 000
826 Costal 196 7462 1215 022 000 1295 006 167 M358  Cysalsptd 8173 1790 013 000 0.19 006 3540
826 Crystal 2pL1 7086 2744 000 on 145 014 000 11358 Crystal 5 pt4 8121 1836 000 0.00 027 010 000
826 Costal2pl2 7477 477 026 014 006 000 633 1358 CrysalSpts 7856 22 000 000 020 001 000
826 Costal2pt3 7254 242 000 000 004 000 000 11358 CrstalSpté 6420 274 000 033 267 007 000
826 Crystal2pld 7227 %78 055 032 009 000 5752 1358 Crsal6pt! 8037 1788 000 000 152 023 000
826 Coystal2pts 8349 16.03 039 003 006 000 8081 1358 Cyswlépt2 6819 22 000 000 226 032 000
826 Costal2pt6 8568 1353 013 006 060 000 16.13 1358 Cysalépt3 6950 a7 000 000 238 037 000
826 Crystal2pl? 7470 283 000 000 047 000 000 1358 Cysaléptd 7253 252 000 000 15 039 000
826 Crystal 2pl8 7447 2538 000 007 008 000 000 11358 Crystal6 pt5 6959 2828 000 0.00 173 040 000
826 Crystal2pl9 8077 19.06 000 000 017 000 000 11358 Crysal6pté  67.88 29 000 000 170 043 000
826  Crysml2pti0 8548 1“2 008 0.10 012 000 %7 1358 Cysalépt? 7262 29 000 0.19 32 006 000
826  Crysal2ptlt 8826 1117 022 015 021 000 3760 1388 Cysalépts 7581 1623 050 000 7.16 030 625

s __
B
N

120 umf
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Supplementary Table S4. Results of EDS analyses on siderite samples and corresponding SEM images.

Depth (mbif) | Sample _[Mg [atomic %)] Ca [atomic %] [Mn atomic %] Fe [atomic %] | O fatomic %] | [ Depth (mbif) | Sample [Mg [atomic %] Ca atomic %) [Mn fatomic %] Fe fatomic %) | O fatomic %)
0.16 Crystal 1 1.60 043 0.59 2053 4397 36.74 Crystal 6 029 017 088 884 70.98
0.16 Crystal 1 1.75 041 0.84 2355 40.98 36.74 Crystal 6 0.30 017 109 1528 5851
0.16 Crystal 1 581 051 045 17.12 46.90 36.74 Crystal 6 033 009 096 1344 6279
0.16 Crystal 1 044 055 086 254 4168 36.74 Crystal 6 038 008 060 879 74.85
0.16 Crystal 2 128 023 027 "3 64.70 36.74 Crystal 6 000 022 123 1235 6374
0.16 Crystal 2 035 020 043 431 84.23 36.74 Crystal 6 0.00 022 129 1238 6394
0.16 Crystal 2 426 031 021 887 70.12 36.74 Crystal 6 024 0.18 139 1463 5951
0.16 Crystal 2 109 032 051 1597 5757 36.74 Crystal 6 031 0.19 21 1346 59.93
0.16 Crystal 3 029 0.15 326 7.66 67.44 826 Crystal 2 051 009 026 1.07 na
0.16 Crystal 3 0.35 0.2 353 11.31 58.16 826 Crystal 2 317 0.00 0.00 452 7598
0.16 Crystal 3 0.76 0.20 an 11 57.65 826 Crystal 2 053 0.12 039 11.69 67.45
0.16 Crystal 3 040 0.33 6.10 19.47 39.06 826 Crystal 3 0.35 0.12 1.00 13.86 62.06
0.16 Crystal 3 058 038 n 1783 3867 826 Crystal 3 049 014 052 1303 65.06
0.16 Crystal 3 124 033 642 18.11 39.91 826 Crystal 3 055 017 099 1355 61.69
0.16 Crystal 6 181 0.14 0.71 16.98 55.68 826 Crystal 3 053 0.15 0.54 1375 64.48
0.16 Crystal 6 269 0.16 062 1372 60.98 826 Crystal 3 033 0.10 096 1344 62.90
0.16 Crystal 7 126 036 102 1327 6082 826 Crystal 4 051 015 101 1546 5827
0.16 Crystal 7 186 0.35 093 1450 58.20 826 Crystal 4 064 0.18 053 1591 5858
0.16 Crystal 7 140 033 077 1.04 65.52 826 Crystal 4 046 0.10 057 1250 67.28
0.16 Crystal 8 0.34 0.23 an 1243 56.63 826 Crystal 7 0.46 0.09 0.19 10.14 7330
0.16 Crystal 8 055 021 354 1265 55.58 826 Crystal 7 046 0.10 086 129 6391
0.16 Crystal 8 146 020 378 972 59.19 826 Crystal 7 059 012 056 1291 6350
0.16 Crystal 9 0.14 0.12 164 18.19 51.82 826 Crystal 8 0685 0.13 043 1236 8541
0.16 Crystal 9 029 0.10 122 1635 55.10 8256 Crystal 8 024 013 092 1830 54.00
0.16 Crystal 9 024 009 145 14.80 5753 826 Crystal 8 101 031 014 1079 71.00
0.16 Crystal 10 0.70 0.20 0.35 16.10 58.74 826 Crystal 8 0.70 017 038 1450 61.57
0.16 Crystal 10 0.56 0.25 049 1753 55.72 826 Crystal 12 033 0.13 120 15.02 59.99
0.16 Crystal 10 0.77 0.26 0.30 15.27 60.37 826 Crystal 12 043 0.13 1.02 1523 59.40
0.16 Crystal 11 0.79 029 027 13.72 65.12 826 Crystal 12 214 0.19 028 1224 64.03
0.16 Crystal 11 0.04 025 074 24.98 4052 826 Crystal 12 048 013 060 14.09 6298
0.16 Crystal 11 021 037 165 220 4397 91.57 Crystal 2 136 045 036 1364 6218
0.16 Crystal 11 163 0.72 0.13 18.17 5337 91.57 Crystal 2 114 035 058 135 65.96
0.16 Crystal 12 0.10 0.16 6.16 1948 40.08 91.57 Crystal 2 082 029 105 11.86 6363
0.16 Crystal 12 044 021 392 7.76 67.86 91.57 Crystal 4 248 041 055 1241 61.56
0.16 Crystal 12 0.15 0.26 566 1056 5584 91.57 Crystal 4 105 0.40 0.74 14.42 59.14
0.16 Crystal 12 062 0.20 358 7.00 64.72 91.57 Crystal 4 12 045 0.30 1221 64.75
0.16 Crystal 12 0.77 0.20 3.36 6.50 66.51 91.57 Crystal 4 144 045 0.16 9.39 7248
6.25 Crystal 1 32 055 144 20176 4260 91.57 Crystal 5 1.10 038 083 1490 58.43
6.25 Crystal 1 3.16 0.60 163 2082 4237 91.57 Crystal 5 0.88 0.32 (X4} 1343 6153
6.25 Crystal 1 18.72 0.08 0.00 314 58.51 91.57 Crystal 5 180 0.16 0.08 341 76.06
6.25 Crystal 2 136 030 074 1283 6261 91.57 Crystal 6 109 029 060 1213 64.46
6.25 Crystal 2 1372 007 005 228 66.28 91.57 Crystal 6 150 051 034 1387 6142
6.25 Crystal 5 194 064 162 214 41.03 91.57 Crystal 6 112 037 056 1281 6148
6.25 Crystal 5 096 056 1.7 221 4028 91.57 Crystal 6 095 0.36 1.07 1472 51.75
6.25 Crystal 5 258 0.69 152 21.09 41.36 91.57 Crystal 6 073 0.30 113 15.03 5823
6.25 Crystal 6 169 055 116 223 4071 91.57 Crystal 6 099 041 078 1271 6383
6.25 Crystal 6 266 0.65 134 2184 4176 91.57 Crystal 8 0.10 0.03 003 063 76.36
6.25 Crystal 8 226 069 138 22 4135 91.57 Crystal 8 263 036 024 1305 6349
6.25 Crystal 8 184 0.69 137 2269 41.00 91.57 Crystal 8 049 025 1.06 11.60 61.66
6.25 Crystal 9 233 076 184 21 4082 91.57 Crystal 8 096 044 044 1350 61.73
6.25 Crystal 9 219 0.55 1.08 237 an 91.57 Crystal 8 118 0.46 049 1429 60.60
6.25 Crystal 9 188 058 147 23 4133 91.57 Crystal 9 1.08 037 059 14.07 61.30
6.25 Crystal 10 288 0.66 1.56 2159 4163 91.57 Crystal 9 0.00 024 205 1.93 60.86
6.25 Crystal 10 233 0.68 1.95 2214 40.70 91.57 Crystal 9 105 033 0.66 1320 6242
12.35 Crystal 2 141 031 6.95 7.1 3863 91.57 Crystal 9 054 033 0.80 1449 60.19
1235 Crystal 2 0.60 027 566 19.44 3943 91.57 Crystal 9 105 033 115 1471 58.80
1235 Crystal 2 151 0.33 794 16.72 39.38 91.57 Crystal 9 0.2 0.16 295 14.65 5561
12.35 Crystal § 118 040 755 1757 38.97 113.58 Crystal 2 0.00 0.10 173 1271 6257
12.35 Crystal 5 175 035 7.16 1699 39.99 113.58 Crystal 2 000 014 064 1359 6365
12.35 Crystal 5 161 034 750 1697 3962 113.58 Crystal 2 030 017 232 1272 59.11
12.35 Crystal 8 169 030 579 1849 4020 113.58 Crystal 2 017 019 213 1454 57.41
1235 Crystal 8 154 0.25 543 1859 4064 113.58 Crystal 2 0.00 017 0.60 15.35 60.16
12.35 Crystal 8 201 024 558 1833 40.60 113.58 Crystal 5 291 058 0.13 1230 66.41
1235 Crystal 10 064 0.36 6.89 1843 39.07 113.58 Crystal 5 184 0.39 0.12 1222 67.73
12.35 Crystal 10 189 039 763 16.08 4034 113.58 Crystal 5 307 070 015 11.85 66.92
12.35 Crystal 10 048 034 669 19.00 3877 113.58 Crystal 5 099 029 037 15.19 6003
12.35 Crystal 11 081 0.30 5.19 2019 39.35 113.58 Crystal 5 163 037 0.16 157 69.22
12.35 Crystal 11 0.80 0.30 556 19.70 39.39 113.58 Crystal 5 326 on 022 1.2 67.89
1235 Crystal 11 0.77 0.29 578 19.34 3955 113.58 Crystal 7 048 020 1.02 17.90 54.03
12.35 Crystal 13 069 0.13 225 5.14 7553 113.58 Crystal 7 1.00 034 0.30 1577 58.67
12.35 Crystal 13 144 031 756 1734 3921 113.58 Crystal 7 12 022 042 164 66.88
12.35 Crystal 13 097 0.36 8.88 16.55 38.45 113.58 Crystal 7 092 020 041 1051 nmn
36.74 Crystal 4 0.00 0.16 234 1234 61.32 113.58 Crystal 7 061 023 053 15.16 59.99
36.74 Crystal 4 0.00 0.15 252 11.46 6245 113.58 Crystal 7 013 017 305 1445 55.01
36.74 Crystal 4 021 022 114 1044 67.16 113.58 Crystal 9 018 026 068 1665 56.47
36.74 Crystal 4 000 021 114 1.97 66.75 113.58 Crystal 9 000 015 217 1491 56.69
36.74 Crystal 4 021 013 122 1083 68.29 113.58 Crystal 9 000 021 105 14.46 6028
36.74 Crystal 4 0.00 0.00 0.08 1959 5384 113.58 Crystal 9 0.94 0.30 025 14.94 60.88
36.74 Crystal 6 0.00 023 146 1385 6160 113.58 Crystal 9 113 0.19 061 9.78 66.23
36.74 Crystal 6 024 020 124 1185 65.06 113.58 Crystal 9 144 057 026 1541 59.00
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Supplementary Table S5. Results of EDS analyses on vivianite samples and corresponding SEM images.

Depth [mbif] I Sample I P [atomic %] IMn [atomic %]I Fe [atomic %]I 0 [atomic %] | | Depth [mbif] ’ Sample ! P [atomic %] ]Mn [atomic ‘I.]! Fe [atomic %] ’ 0 [atomic %)
2336 Crystal 3 6.1 160 681 67.09 36.74 Crystal 3 794 2.18 814 6280
283% Crystal 3 625 138 673 68.99 36.74 Crystal 3 an 070 350 65.20
2% Crystal 3 122 228 8.1 63.93 3674 Crystal 3 047 5.12 33.00 59.53
233 Crystal 4 6.65 222 793 6563 36.74 Crystal 3 688 229 1426 63.85
233 Crystal 4 7.8 275 866 6270 36.74 Crystal 3 045 414 3354 59.72
23 Crystal 4 588 238 932 64.13 36.74 Crystal 3 468 281 225 62.56
23% Crystal 4 671 208 829 64.83 36.74 Crystal 3 219 409 2887 6081
2336 Crystal 5 6.75 175 840 64.87 36.74 Crystal 3 124 275 1723 6271
2338 Crystal 5 6.68 1.38 8.42 65.59 36.74 Crystal 4 7.39 1.61 8.61 63.62
233 Crystal 5 651 140 731 67.40 36.74 Crystal 4 715 230 941 63.94
233 Crystal 6 759 314 820 6373 36.74 Crystal 4 620 298 1594 6390
23 Crystal 6 647 163 794 63.93 36.74 Crystal 4 859 312 960 63.17
2336 Crystal 6 482 134 533 63.75 3674 Crystal 4 7.00 249 1361 84.15
2836 Crystal 6 6.06 0.72 mm 64.51 36.74 Crystal 6 357 222 7.36 64.35
2336 Crystal 8 6.64 181 6.98 63.76 36.74 Crystal 6 7.03 279 9.16 6428
2336 Crystal 8 741 185 947 64.14 3674 Crystal 6 659 231 978 6423
233 Crystal 8 663 124 890 64.12 36.74 Crystal 7 723 159 949 64.10
2336 Crystal 9 302 161 5.80 65.36 36.74 Crystal 7 672 182 972 64.03
2336 Crystal 9 545 1.76 787 64.30 3674 Crystal 7 7.80 255 132 6288
2336 Crystal 11 6.68 1.81 7.36 6345 3674 Crystal 8 7.80 167 9.12 6355
2336 Crystal 11 767 256 822 63.30 36.74 Crystal 8 457 359 19.93 6262
233 Crystal 11 626 173 689 63.60 3674 Crystal 8 725 170 812 63.56
2336 Crystal 12 7.96 233 835 6373 36.74 Crystal 8 715 201 1020 64.04
2336 Crystal 12 785 221 847 63.24 36.74 Crystal 10 7.30 136 887 64.00
233 Crystal 12 663 221 834 64.25 36.74 Crystal 10 829 233 998 6381
2336 Crystal 12 848 247 10.17 64.70 36.74 Crystal 10 7.35 190 1068 64.28
36.74 Crystal 1 7.02 211 849 63.65 36.74 Crystal 10 8.14 172 1.13 64.10
36.74 Crystal 1 6.50 294 1.70 64.20 36.74 Crystal 10 850 258 10.24 6446
36.74 Crystal 1 6.82 194 758 63.22 3674 Crystal 10 8.1 260 10.13 63.98
3674 Crystal 1 652 134 728 6379 36.74 Crystal 12 7.90 243 1.90 6375
3674 Crystal 1 6.42 167 724 6357 36.74 Crystal 12 7.10 214 765 63.08
3674 Crystal 1 6.07 168 7.14 6393 36.74 Crystal 16 539 136 642 8.2
3674 Crystal 1 741 179 1026 63.80 36.74 Crystal 16 723 203 1154 6394
36.74 Crystal 3 6.40 315 10.23 6344 36.74 Crystal 16 7.81 316 11.84 6329
3674 Crystal 3 .76 238 799 63.16 4683 Crystal 1 499 032 7.06 65.90
3674 Crystal 3 050 173 10.76 64.24 4683 Crystal 2 595 048 7.98 6521
3674 Crystal 3 6.50 180 1146 64.02 4683 Crystal 2 509 035 7.03 6545
3674 Crystal 3 645 161 758 63.79 46.83 Crystal 2 5.56 0.37 7.33 65.47
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